A series of novel 3, 4-methylenedioxybenzene scaffold incorporated 1,3,5-trisubstituted-2-pyrazoline derivatives was synthesised as potent antitubercular agents via chalcone intermediates by reaction with hydrazines. The structures of the compounds were confirmed by IR, 1HNMR, 13CNMR and mass spectral data. The novel pyrazolines were screened for in vitro antitubercular activity by almar blue dye method against M. tuberculosis H37Rv. All the compounds exhibited excellent activity that could be due to the presence of 3,4-methylenedioxybenzene frame work in the molecules. Some of the compounds also showed in vitro cytotoxicity on EAC cell lines in tryphan blue exclusion assay suggesting their safety.
Tuberculosis (TB), a devastating chronic necrotizing infectious disease with a wide variety of manifestations caused by Mycobacterium tuberculosis, is killing approximately two million people every year with more than eight million people developing active TB each year globally [1] . It is endemic in most developing countries and resurgent in developed countries with high rates of HIV infection. With the emergence of multi-drug resistant (MDR) TB, it became the global scourge by reaching epidemic proportions [2] associated with poor treatment outcomes indicated by low cure rates of around 60% and high recurrence rates close to 30% after standard short-course TB treatment [3, 4] . It was forecasted that 1.3 million MDR-TB cases needed to be treated between 2010 and 2015 in 27 countries with high MDR-TB burden [5] . In a report from World Health Organisation (WHO) for 2011, India is quoted as the highest TB burden country with an estimated incidence of 2.2 million cases [6] . Poor primary health-care infrastructure in rural areas, unregulated private health care leading to widespread irrational use of first-line and second-line antiTB drugs, spreading HIV infection, and poverty are some of the factors making difficult to control TB in India [7] . In the year 2005, 0.04% of the TB cases in India were diagnosed as MDR-TB, which rose to 0.15% (~4 times) in the year 2007 [8] . This alarming scenario calls for an immediate need to develop newer, safer and potent antituberculosis drugs for effective therapy.
The exploration of new heterocyclics that can accommodate potency to multiple biological targets remains a continuous intriguing scientific endeavor. Pyrazolines have been known to play an important role in medicinal chemistry. Diversely substituted pyrazoline derivatives embedded with variety of functional group are important biological agents [9] and have been found to exhibit diverse biological and pharmacological activities such as antibacterial [10, 11] , antiamoebic [12] , antidepressant [13, 14] , antioxidant [15, 16] , antiinflammatory [17] , analgesic [18] , hypotensive [19] , anticoagulant [20] , fungicidal and insecticidal [21] actions. Some pyrazoline derivatives possessing thiourea, 3-chloro-4-fluoro aniline [22] and quinoline moieties [23] ( fig. 1 ) were also reported for good antitubercular activity.
The alkaloid piperine possesses 3,4-methylenedioxybenzene scaffold in its structure and is known to be bestowed with diverse biological activities. Recently a novel piperine dimer chabamide ( fig. 2 ), isolated from stems of Piper chaba Hunter displayed good antituberculosis activity [24] . Some semi synthetic analogs of piperine have also been reported to exhibit significant antitubercular activity [25] . These facts aroused an interest in developing novel molecular framework containing 1,3,5-trisubstituted-2-pyrazolines incorporated with 3,4-methylenedioxybenzene scaffold 2a-g and 3a-g with a hope to have noteworthy antituberculosis activity.
MATERIALS AND METHODS
Piperonal and almar blue were purchased from Sigma-Aldrich (St. Louis, MO, USA) and substituted acetophenones from Sisco Research Labs Ltd (Mumbai, India). Tryphan blue, Middle brook 7H9 broth and Hank's balanced salt solution (HBBS) were procured from Hi-Media laboratories (Mumbai, India). Rest of the chemicals used were of analytical grade. The chemicals were used as received without purification. The standard drugs isoniazid and pyrazinamide were generously gifted by K. P. Pharmaceuticals (Bidar, India), while 5-fluorouracil by Taj Pharmaceuticals (Mumbai, India). Mycobacterium tuberculosis H37Rv ATCC 25618 obtained from Microbiology Department of Maratha Mandal's N. G. H. Institute of Dental Sciences and Research, Belgaum and EAC cell lines maintained at H. S. K. College of Pharmacy, Bagalkote were used in this study. Progress of the reaction and purity of the compounds was checked by thin layer chromatography using silica gel G coated on glass plates. The spots were resolved by iodine vapours. All yields refer to crude products before purification.
Melting points were determined on an open capillary Veego VMP-DS apparatus (Mumbai, India) and are uncorrected. UV spectra were recorded on a Systronics V530 spectrophotometer (Ahmadabad, India). IR spectra were recorded in KBr pellets on a Thermo Nicolet 200 FT-IR (Madison, USA).
1 H NMR spectra were obtained in DMSO-d 6 on Bruker AC200F (Rheinstatten, Germany) at 400 MHz. Chemical shifts were measured on δ scale in parts per million downfield to tetramethylsilane. Peak multiplicities are indicated as s (singlet), d (doublet), dd (doublet of doublet), t (triplet) and m (multiplet) and coupling constant (J) values are given in Hz. 13 C NMR spectra were taken at 50 MHz. The mass spectra were recorded on AB Sciex API 2000 LC/MS (Framingham, USA) by ESI technique.
Synthesis of chalcones (1a-g):
Substituted acetophenones (0.06 mol) and piperonal (0.06 mol) were dissolved in ethanol (20 ml). The reaction mixture was cooled in an ice bath to 10-15° and 10 ml aqueous solution of 50% sodium hydroxide was added drop wise with continuous stirring for 4 h and then left overnight. The reaction mixture was poured into crushed ice and neutralised with dilute hydrochloric acid if necessary. The solid obtained was filtered and washed thoroughly with ice-cold water, dried and recrystallised with appropriate solvent. 
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Synthesis of 1,3,5-trisubstituted 2-pyrazoline derivatives (2a-g) and (3a-g):
Chalcones (0.02 mol) and hydrazine hydrate (0.03 mol) (for 2a-g)/phenyl hydrazine (0.024 mol) (for 3a-g) were taken into 15-20 ml glacial acetic and the reaction mixture was refluxed for 8 h. The resulting mixture was allowed to stand overnight and excess solvent was removed by distillation. The reaction mixture was poured into ice-cold water and neutralised with dilute sodium bicarbonate solution. The solid obtained was filtered and washed thoroughly with ice-cold water and recrystallised with appropriate solvent. (benzo[d][1,3]-dioxol-5yl)-3-(4-hydroxyphenyl)-4,5-dihydro-1H-pyrazol-1-yl) [d] [1, 3] dioxol-5-yl)-3-(3-hydroxyphenyl) [d][1, 3]-dioxol-5-yl]-1-phenyl-3-p-tolyl-4 
1-(5-(benzo[d][1,3]-dioxol-5yl)-3-phenyl-4,5-dihydro-1H-pyrazol-1-yl)ethanone (2a):
1-(5-(benzo[d][1,3]-dioxol-5yl)-3-(3-hydroxyphenyl)-4,5-dihydro-1H-pyrazol-1-yl)ethanone (2e):
1-(5-
5-(Benzo[d][1,3]-dioxol-5-yl]-3-(4-bromophenyl)-1-phenyl-4,5-dihydro-1H-pyrazole (3b):
5-(Benzo[d][1,3]-dioxol-5-yl]-3-(4-chlorophenyl)-1-phenyl-4,5-dihydro-1H-pyrazole (3c):
5-(Benzo[d][1,3]-dioxol-5-yl)-3-(3-nitrophenyl)-1-phenyl-4,5-dihydro-1H-pyrazole (3d):
5-(Benzo
5-(Benzo[d][1,3]-dioxol-5-yl)-3-(4-hydroxyphenyl)-1-phenyl-4,5-dihydro-1H-pyrazole (3g):
Green fluorescent powder; R f : 0.92, butanol: Petroeum ether (60-80) (8:2) 
Antitubercular activity:
The antitubercular activity of compounds was assessed against M. tuberculosis H37Rv by microplate alamar blue assay [26] . First, 200 µl of sterile deionised water was added to all outer perimeter wells of sterile 96 wells plate to minimize the evaporation of medium in the test wells during incubation. The wells received 100 µl of the Middle brook 7H9 broth and serial dilution of compounds dissolved in DMSO were made directly on plate from 100 to 0.2 µg/ml. The above said wells were inoculated with 100 µl of 2000 cfu/ml of organisms in Middle brook 7H9 broth. Plates were covered and sealed with parafilm and incubated at 37º for five days. After this, 25 µl of freshly prepared 1:1 mixture of almar blue reagent and 10% tween 80 was added to the plate and incubated for 24 h. The same method was followed for control (DMSO) and standard drugs (pyrazinamide and isoniazid). A blue colour in the well was interpreted as no bacterial growth, and pink colour was scored as growth. The MIC was defined as lowest drug concentration which prevented the colour change from blue to pink.
Cytotoxic activity:
The synthesized compounds were tested for in vitro cytotoxicity by tryphan blue exclusion assay method [27] against EAC cells. On the 15th day, the EAC cells were aspirated aseptically from the peritoneal cavity of the mice and washed with HBBS and centrifuged for 15 min at 1500 rpm in a cold centrifuge. The pellet was resuspended with HBBS and the process was repeated three times. Finally the cells were suspended in a known quantity of HBBS and the cell count was adjusted to 1×10 6 cells/ ml. This suspension measuring 0.1 ml was taken in eppendorf tubes and 0.1 ml of different concentration of sample and 5-fluorouracil in DMSO or plane DMSO was added and incubated at 37º for 3 h. The viable cells were counted on a hemocytometer using tryphan blue dye exclusion method. The percent cytotoxicity was determined using the formula, % cytotoxicity =100×(T dead -C dead )/T total , where, T dead is the number of dead cells in the treated group, C dead is that in the control group, and T total is the total number of cells in the treated group.
RESULTS AND DISCUSSION
Despite numerous reported methods for the preparation of 2-pyrazolines, the Fischer and Knoevenagel method of reacting α,β-unsaturated aldehydes and ketones with phenyl hydrazine in acetic acid is still the most popular one [28] . Chalcones are 1,3-diaryl-2-propen-1-ones and serve as important intermediates for the construction of corresponding 2-pyrazolines. Since piperonal is an aldehyde with 3,4-methylenedioxy benzene moiety, it was aptly used as a precursor for the development of 3,4-methylenedioxy benzene incorporated 2-pyrazolines. A series of chalcones (1a-g) was synthesized according to Claisen-Schmidt reaction [29] by condensing various substituted acetophenones with piperonal in presence of 50% sodium hydroxide solution at 10-15º in good to excellent yields. The cyclocondensation of chalcones 1a-g with hydrazine or phenylhydrazine in acetic acid yielded 1-acetyl-3,5-disubstituted-2-pyrazolines 2a-g or 1-phenyl-3,5-disubstituted 2-pyrazolines 3a-g, respectively in moderate to good yields [30] . However, 2,4-dinitrophenylhydrazine did not afford the corresponding 2-pyrazolines under similar conditions probably due to its poor solubility in the reaction medium. The synthetic approach of title compounds 2a-g and 3a-g is illustrated in Scheme 1. The structure of the synthesized compounds was assigned on the basis of UV, IR, 1 H NMR, 13 C NMR and Mass spectral analysis.
The physicochemical data of compounds 1a-g, 2a-g and 3a-g are presented in Table 1 . Chalcones 1a-g in their UV spectra exhibited absorbance in the range of 354-364 nm due to n-π* transitions typical of α,β-unsaturated ketones. The IR spectra of compounds 1a-g showed characteristic α,β-unsaturated C=O stretching at 1603-1661 cm -1 and C=C stretching frequencies at 1524-1590 cm -1 . In 1 H NMR spectra, the protons of α, β-unsaturated carbon atoms have displayed two doublets in the range of δ 7.34-7.89 amidst other protons.
The IR spectra of the derivatives 2a-g and 3a-g showed C=N stretching frequencies of pyrazoline ring at 1498-1649 cm -1 , aromatic C-H stretching at 2903-3068 cm -1 , symmetric C-O-C stretch at 1028-1097 cm -1 , aliphatic C-H stretch at 3080-2920 cm -1 and absence of bands at 1603-1661 cm -1 (characteristic of α,β-unsaturated ketones). In addition, compounds 2a-h displayed C=O stretching of amide at 1613-1657 cm -1 . In 1 HNMR spectra, the compounds 2a-g and 3a-g exhibited two doublets of doublets in the range of δ 3.10-3.78 due to two methylene protons at C-4 of pyrazoline ring. The proton at 5th position The compounds 2a-g and 3a-g were screened for in vitro antitubercular activity by almar blue dye method against the best studied virulent laboratory strain Mycobacterium tuberculosis H37Rv ATCC 25618. This method uses a thermally stable reagent and shows good correlation with proportional and BACTEC radiometric methods. The activity data is shown in Table 2 . Generally, all the tested compounds exhibited potency more than pyrazinamide the secondline antitubercular drug and less than isoniazid (INH), the first-line antitubercular drug. All the compounds except 2c, 3a and 3e exhibited the MIC at 0.8 μg/ml. The compounds 2c, 3a and 3e showed the MIC at 1.6 μg/ml whereas pyrazinamide and INH exhibited MIC at 3.125 and 0.5 μg/ml, respectively. It is well documented that, the highly lipophilic compounds are bound to show good antitubercular activity, as they have high tendency to penetrate the high lipid content cell wall of M. tuberculosis [31] . The excellent activity exhibited by title compounds could be due to their higher lipophilicity and thereby enhanced cell wall permeation suggesting a probable intracellular mode of action. In case of 1,3,5-trisubstituted 2-pyrazolines 3a-g, presence of polar group on 3-position of 3-phenyl ring reduced the activity as observed with compound 3e whereas, no such effect was observed when it is in 4-position. Substitution with non polar substituents either electron releasing or withdrawing favoured the activity of compounds 3a-g. On the contrary, in case of 1-acetyl 3,5-disubstittuted pyrazolines 2a-g, the presence of polar substituent on 3-phenyl ring sustained activity. The excellent antitubercular activity exhibited by compounds 2a-g and 3a-g could be attributed to the presence of 3,4-methylenedioxy benzene scaffold in them.
In vitro short term cytotoxicity of test compounds can be assessed by determining the percentage viability of Ehrlich Ascites Carcinoma (EAC) cells using tryphan blue exclusion technique. The cytotoxicity results of 1-phenyl-3,5-disubstituted 2-pyrazolines 3a-g suggested that the activity did not increase in a dose dependant manner. The compounds showed a cut off activity at 100 μg/ml and beyond this the activity was either decreased or almost remained same. However, the standard drug 5-fluorouracil exhibited cytotoxicity that was found to be linear with its dose. The unsubstituted compound 3a showed highest activity among the series making it more toxic, while substitution with electron releasing substituents reduced activity moderately in case of compounds 3g and 3f. In compounds with electron withdrawing substituents (3b and 3c), the activity drastically decreased making those compounds safer. The overall % inhibition by compounds 3a-g was found to be in the range of 1-30% (Table 2) suggesting they are less cytotoxic and safer. The cytotoxicity of compounds 2a-g could not be determined owing to their precipitation in the test medium.
In this study, it was conceived and synthesized novel 1-acetyl-3,5-disubstituted 2-pyrazolines (2a-g) and 1-phenyl-3,5-disubstituted 2-pyrazolines (3a-g) incorporating 3,4-methylenedioxy benzene scaffold as potent antitubercular agents through a simple and well-known method via chalcone intermediates. Their structures were assigned based on IR, 1 HNMR, 13 CNMR and Mass spectral data. The compounds 2a-g and 3a-g exhibited an excellent and encouraging preliminary in vitro antitubercular activity that is higher than pyrazinamide and comparable with isoniazid against M. tuberculosis H37Rv when tested by almar blue method. The promising activity of these compounds could be probably attributed to the presence of 3,4-methylenedioxy benzene scaffold. The cytotoxicity of compounds 3a-g was found to be less against EAC cells by tryphan blue exclusion assay making them safer compounds. Among the compounds 3a-g, those with electron withdrawing substituents 3c and 3d emerged better in terms of the ratio of efficacy to toxicity. Thus, our study on 1,3,5-trisubstituted-2-pyrazolines incorporated with 3,4-methylenedioxy benzene scaffold demonstrated them as new active leads for antitubercular activity that could provide a powerful incentive for further research in this area.
